
Deer Bruce : 
Your letter of the 13th just received. 
I do appreciate the typewriting, and hope you can uontlnue to cultivate 

this excellent hablt. It doeon’t seem eeriously to cramp your style. I made 
some nafes in reply, paint by point: 

1 have been asking Edwards about 341, 545, 5445. If you leave apace In the 
me. I will iaaert the details when (and %f) I get them. 

d-f-g. Probably the paper should be written on the basis that FA=phege. Without 
overemphasizing it, It would do no harm to Include same parentheeee an the 
c-relation with Boydds phagee. Norton has done a eerwn-neutralization; again, 
it wsuld do no harm to mention it, but the full exposition ehould be reoerved 
for hie detailed account. Mtaoh the same should apply to the inolusion of phese- 
variation data. The agreement of H-reversions with the tiplied phase of the 
O-form should be emphasized, hut no more than this, 

I do think that kaoka end flares should be mentioned to the extent of 
a photograph and a hygothesia. %&qwmm%Mn8a I em more cmvlnced then ever 
that flares may come from aelection for increased motility following the major 
gene transduction. Se there any compartson of spontaneous vs. transinduced 
awarms that would bear on thla? Some mmz#Wxx~ old or rough motile strains 
show very nice flaring when first paeoed on motility egar. 

I agree an the criteria for uzl~119sidrtg m 0. I had In mind that using 
FA from a rare flegellar type would deoreese the likelihood of getting the Samoa 
type on the fV.r#& trlel, which would neceesite.te further &tudyp wfth a second FA. 

ThanIra for Boyd* e report. I’ve juet recently rocefvrsdhis standard strains. 
X have found some R-specific phages, but thepie do not aeea to transduce. 

iv: Bon't take thie too serlously. !lYhe ~xperimsnts have to be done much more 
carefully. The 666FA reeponee is drastically non-linear, probably co&e&d ~5th 
lysis. Re sercqp, Delbruck onoe found that the depressor effect could be reversed 
by serum aftar adsorption. 

v: b-reactivity is stili very puzzling. I have only a singlo broth culture that 
show8 it well. It ie a mixture of smooth and several kinds of rough (some colonially 
smooth, but rough re phage and tranetiotion), The latter agglutinate non-sgpcifi- 
tally, and I have not been able to reconstitute the b-reacting mixture. I shouldn't 
be eurprieed If it turns out to be a fluke, our "b" reagent having come other 
honspeciffo caponent. ~~~~nxs~33K03fxrxXs~~~u~~~6~ 

vi: Would you alao send Felix !%6 as we:1 as 534-5881 ‘Be Perms~tation reactions 
b@xx (rhamn; inos) agree with 546--534, not #y --5s as given in the stock book. 
From Nr#ton’a commenta, the new identification doee no tiolence to the records. 
If the culturee agree in V%-type, It will w help too, 80 I am sending SW--703 
too. 

2xXx viii: The dlfficultiee in serial transduction largely predate the under- 
standing of FA- phage. The only eerloue difficulty is in making FA from a strain. 
The once that won't be transinduced were probably rough. 

ix: Whatever you like. If neces5ary, I will critiuize specific applications later. 



Xi.1 I am afraid many of my rsmarks have been conffused by my not ywt having 
alearsd up the situation of bti ratfos in different crosses. The situation now 
seem8 fairly clear. FA ( typhimnrium) --X SW666 givee, as you know, mostly 
j* 4 ~j@xR b ( EWI& 53 b: 21 In my last experimsnts) . 
This is cbmparable also witi your paratyphi A effect. Qn the other hand, the 
filial i’e -X 666 give mostly i (8br 431). Thie swir$ in ratio is what made 
me think initially that enly i was produced, contradictang ths linkage hypotheis. 
There are at least fwo or three hypotheees: the filial FA involves an &mx Ai II+ 
eegment that hae been selected onue for ita linkage; in addition, it ie necessarily 
adapted to paratyph% B (as the original PLT22 9.5 not) and thus Induces lysogenicity, 
though not invariably. I am further studying the corre!.ation of transduction and 
induction of lysogenlcity. PLT22 hardly ever does the latter, for SW-666. IF the 
host-adaptation to SW-666 persists through a passage on LT-2, it may be possible 
to datetine wb.ether the lhnkage ratio reversal is related te the oharacter of the 
phage or of the donor genotype. 

( 666 x- PLT22)b x-- 
On the other hand, the two-step i tranainduction 

PXXZ? should servs to give sn i that has not been selected for 
linkage. The only data I &appen to have already are anp( 666 x- F%T22)bgc-( 666 x-PLT$%)c 
in--x 6e;b. (Followfng Whitehead and Ruase!.l, the order65 of transduction can bs 
indicated by x-, x--, x--- eta.* In these complex formulae~. These add up to 
13 i : 3b, Frhich contradicts notkdng. khat feat looked like environmental effects 
on the ratios were confounded by tb verfoua FA's uRad for different experim&&e. 

data on the tymurl end tymur ---x 666 
Anyhow, I now realize th2t I have not yet ccllected a si#Uflcant body of 

53/55 ae mentioned ebevs for ths former 
J 

Only 38/M b frem the latter, compared to 

1 
Perhaps, I hawalso been manfused by the 

separate problem of the expression of in monoph~sic gozofypee. Even if correct, 
the recovery of i fran (~3L46)~ --x 543 does nut vitiate my hypothesis, as the 

"mpprese3d" Ali* fbm Ali* A2u may be capable of fwM,icming, or rapidly loslng 
the * in the 543 genotype. (I am also speculat%ng on whether the determination of 
i orb in tymur -x 666 may not be based en a * sort of variational change rather 
than &oesing-owr, but have trot perfected this hypothesis, waiting for the results 
of the previous paragraph.) Ths distinction between the FA of the two phases aesms 
atI. to be holding up in further (limIted> tranqduction experiment5 between diphasice 
(n~~~~~alao abony -x senderi to give IX XII are&w>. 

* mjtfB%-88xwx*x*m ’ 
Nort 

FA Csmur P 
also had some previous date bearing on tM.a, in experiments -x typhi; 

-x typhi gevsno swermu at all. Soma of these were monopha5i02 ( SW-547)~ 
Edwards 191; others were serlum-selected fr&m diphasice. Still, the data are not 
50 extensive 83 to generalize yet. X will not be unhappy if my workhg hypothesis 
turns out to be incorrect: it still giws me a tangible basis to bite into the 
problem. Qr the other hand, it has not yet bass contradicted in the diphaslos x--i 

Did I claim to get enx into 5433 Probably, X was refer&q to eandiego -x 543. 
The phase is probably eh ( is being checked noti) but my only reagent ie enx, with 
which it reacts. 

SW-546 ia behaving for all the world like a Al l2 allele, but haw it got that 
way I uen’t imagine. 546-x typhi g%w3 a IX XII --1,2. Persaps Fe most interesting 
(if correct) ie one that is behaving llks enxt i,2 from ebony -x 546. Don’t 
depend on IMe one. 

Ameng other things, I am sending SW+3fj, 906, 908 resp. H&rsch’s motile, parelysed 
and nonf%&gllated psratyphi B. The last is probably an independent mutant from 905, 
as it ie readily transduoed to motility (as well as rare Pp. reversions). Cross-trans- 
motflizations are being tested, but go ahead yourself. *he stocks are remarkable 
for the very high rate of phase variation: every colony of 99 or 906 reacts with 
both b and 1,2 ; one usually more than another in agreement with the inoculum. How 
would you go about measurhng its rater 



--Continmd, 11/21/52 

Juet received Edwards' report on the transductions , verifying met of what I've 
told you, The sax+diego --x SW666 I.0 tab--. The "weak b' and other odd phaasa 
that I&w mentioned are all ~3 , the "third phase" of minnesota, anal, according 
to Edwarda a Prsquwkt j phase 3r om b-carrying aerotypas. I don’t eee any point 
bothsring J Taylor about this, but will aend one. A dublin -x typhimurium that 
I had remrded as gp turna out to be diplaasio: gp:1,2. This fits the general 
hypothesis of separate loci for specific and nonspecific phaaee, but I am rather 
warried that this type of combination, now men to be genetically possible, Is 
not found in the diagnostic scheme. I shall have a start an epidemic with it. 

Some of the experiments menioned above are done. PLT-22 adapted to !j@  retains 
this adaptation when grown baok on typhimurium. I’ll call this 22B for the present, 
as it appears to be a host range mutant. 22B/LT2 b&awe like 22/LT2 in -x 545, th& 
le meetly b. Unfortunately, the ( 666 x- PLT22/2@ x-- PLT22/2 la resistant (lyeogenfe) 
to 22B, 10 fhat 1 will have to make em&her from whioh an yb can be made. SW666 lyeo- 
genie for 22R retains its susceptibility to tranaduotlm, as previously surmised.* 

This is turning out to be an exaellent system for oorrelating lysogenicity with 
transduotion. I am In the midst of an experiment, but the first results are clear 
enough: 22B/‘609 -x 666 on $MB galactoee . OT Wm c)dw papillae, EIO far 13/20 are 
lyaogenia; of nearby Cal- from the sama plates, 5129 -are lyaogM&. I expect that 
much of the lysogenicity may enaue from infection by second cycle phage, but the 

result is clear enough anyhow, and pretty tangible evidence correlating trsnsduc- 
tion with lysogenicity-inducing phaga. Swarm.8 are not such good material for this, 
ae reinfection is even more likely to occur ( jtiiclous use of antiserum will help), 
but the general picture seems pretty much the same. An experiment on tracks is in 
the incubator. I must mention that unstable lyaegenic types have recurred frepently. 
These produce mostly very rough-looking colonies, with an occasional smooth, 
nonlysogetic ” segregant” . I strongly suspect that early cases of very highly mutable 
R-S variation (E.g. Deekowitz) may have had a similar basis. I have not gotten angther 
Calx transdlhation in 666, and the first one was not unstable for lysogaiicity (Lp 
a8 I remember). 

What was your indicator system for Boyd Al-A3. My first preps. had no action 
on 666 ( lytic or otherwise), and are so far doubtful on SW-495: of course; my tS.Uee 
may be inadequate. We were certainly lucky with PLT22 to have much a wide range of 
action. -- 

Edwarde states that hie #ln wae isolated fraol a java strain about 10 years ago 
by intensive eerum selection. I am trying to get the original. 

If I remember correctly, PLT-7 appear8 in LT-7 following aging or penicillin 
treatment. Norton will probably tell you of his serum-inactivation experimmt. 
I think I agree with him that the further characterization of FA as phage is a 
distinct subject, though I see no reason why it cannot be mentioned if immediately 
relevant to any point in the presently-considered paper, 

--. _ 
*and Promises to be an excellent strain for quantitative correlation of Gal+ and H+ 
transductions. 
(Foi tmmin01ogy, are you planning to use HI ; H2 ; 
A1 h2 for the Plagellar antigens, 

., . for the C-X factors, and 

this fairly soon.) 
or would R be better for this? We should settle 



1 dm't rdnst know what we are likely to do about Europe. I haw accep$ed an 
invitation to prep.we a ?.onger review Taper for the Gen$ics Congress, but don't 
know whether I will be able to read it in person. 
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reciprocal cross). 
-x 546 and abony' -x 546 give 9x i:- and b:- respectively). These results 

are mutually consistent In askigning Al to SW-!j46+ I do not know what allele is 
present at A2, if any. Conceivably AP12, but this should give us i:i,2 fran tymur-x346.) 

May I have from you mieeellaneoua 0 forms (especially para A), and %-46? In testing 
for linkage, it would be advisable to use FA from( typh5.mA.m -x 543)i ) as this favors 
the proportion of linked transductions. 


